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Abstract - We present simulation results that show
negative output resistance may exist at frequencies beyond f-
in the conventional mesa emitter-up AIGaAs/GaAs
heterojunction bipolar transistors. It is shown that larger
collector transit time is preferable choice to increasing base
transit time in the design of this structure.

Dagli et al. [1] have shown that negative output
resistance may be obtained in emitter-down heterojunction
bipokw transistor (HBT), as a result of transit time phase delay
in the common-base current gain. To obtain this negative
output resistance, the parasitic of HBTs should be small. In
thk paper, we investigate the transit time effect of mesa etched
emitter-up type HBT structure using the small signal equivalent
circuit model and demonstrate that, with a thin heavily doped
base (0.05 ~m) together with a collector (0,65 Lm), negative
output resistance may occur at frequencies well above fmu. All
circuit model parameters are related to layer and layout
parameters, by using resistance and capacitance models,
together with empirical nobilities and contact resistivities to
obtain realistic estimates of the transit time and parasitic.

ih- run~ ir it Model

The schematic diagram for AIGaAs/GaAs HBT is
shown in Fig. 1. Table I shows the layout and layer structure
parameters used in our simulations. In the equivalent circuit
model shown in Fig. 2, Ce is the emitter-base junction and
diffusion capacitance, Cc is the intrinsic base-colleetor junction
capacitance, (& is the extrinsic base-collector junction
capacitance, r~ is the dynamic emitter resistance, rb is the
intrinsic base resistance, rcc is the collector resistance, r= is the
emitter resistance, and r~ is the base contact resistance. The
values of all parameters are calculated by resistance and
capacitance models [2], [3] with empirical nobilities and
lifetime [4], [5] and contact resistivities [6]. The size of the

device for these simulations was chosen to be 1 x 4 pmz for the
emitter.

The most important parameter in this simulation is the
transit time-dependent common-base current gain expressed as
[7]
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where ~ is the dc value of the current gain, w is the a cutoff
frequency for the compositionally ungraded and uniformly

doped base, ‘tc is the collector transit time, XdC is the collector-

base depletion layer width, l)~at is the electron saturation
velocity, Dnb is the minority electron diffusion constant in p-
type GSAS base, and m is the excess phase shift due to the
drift-diffusion mechanism of carrier transport in the base and is
equal to 0.22 for a uniformly doped base.

&is calculated by assuming the pxfect emitter iujection
efficiency.

where ~b is diffu~ion’length for minority electron in the base
and is given by

Lnb“ +iii;
where ~b is the minolity electron lifetime in the base, and Dnb

is obtained by Einstein relation, Dnb = (kT / q) AP.
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The lb-parameters are calculated from the small signal
equivalent circuit model shown in Fig. 2, and from this the
output resistance is calculated by

r22 = Re(l/h22:)
The effect of base ancl collector transit times on the frequency
resuonse of the outtxtt resistance is shown in Fig. 3. The base
width (Wb) is used as the main parameter for ~otttroiling the
base transit time, and the collector width (WC), for the colleetor
transit time. The curves in this figure are for following
parameters: curve 1: ‘Wb = 0.05 ~m, Wc = 0.65 ~m; curve 2:
Wb = 0.40 Lm, Wc = 0.65 pm; curve 3: Wb = 0.05 ~, Wc
= 2,00 ~. For base-collector junction, VBC = -1 V is used for
curves 1 and 2, and VBc = -13 V is used for curve 3 to ensure
full depletion of colle,;tor. From Equation (l), if we define the

base t.KiIISh the as Tb = l/~ fOr Convenience, the WUMit timM!

at the saturation velocity of 107 cm/s are approximated by ~b =

0.4 ps, Tc =,3.3 ps fc,r curve 1, Tb = 24.7 ps, ‘Tc =3.3 ps for

curve 2, and ~b = 0.4 ps, ‘Tc =10,0 ps for curve 3.
As shown in Fig. 3, the dependence of output

resistance on the frecptency has a different profile in cuwe 2
and 3 when compared to curve 1. Positive output resistance at.
low frequencies for curves 2 and 3 is about 9 times larger tham
that for curve 1. Negative resistance regions are induced by the
phase delay due to the transit time. Note that curve 3 has a
larger magnitude of negative resistance than that of curves 1
and 2, and the frequency band of curve 2 has a simitar value of
negative resistance a~scurve 1. Flrom Fig. 3, the maximum
magnitudes of negative resistance are 57 Cl for curve 1, 49 Q
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for curve 2, and 1435 Q for curve 3. Thus, increasing the
collector transit time obtains large values of negative output
resistance. This negative resistance may be used in oscillators,
and three terminal devices with negative output resistance are
superior to two terminal negative resistance devices like
IMPATT diodes, because of the isolation between input and

output. The frequencies of the negative resistance bands are
important in oscillator applications. The fmt frequency baud of
negative resistance is shifted to lower frequency region as
transit time increases. This is clearly demonstrated by
comparing curve 1 with curves 2 and 3 in Fig. 3.

c occlusions

Multiple negative resistance bands are predicted at
frequencies beyond fmm in the conventional mesa type emitter-
UP AIGaAs/GaAs HBTs with careful design and reduced
parasitic. Thus, HBT power gain may be obtained in these
frequency bands with the negative resistance even above fmu.
To obtain the usable transit time effect with large negative
resistance, the increase of collector transit time is preferable to
increasing base transit time. Therefore, for transit time HBTs,
the base should be designed to be as thin as possible, and
collector should be thick enough to obtain the large transit time
at the frequency range of interest, while keeping parasitic
small.
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Fig. 1. The schematic diagram for simulated AIGaAs/GaAs
HBT.

we 0.15 ~m Sbb 0.5 ~m
Wb Variable Sk 5.0 p,m
w. Variable Sc 5.0 pm
w.~ 0.2 ym Nm 1 X 10*7 cm-3
WC* 1.0 pm Nm 1 X 1019 cm-3
Le 4.0 pm N(jc 5 x 1015cm-3
Lb 5.0 Mm N% 6 x 1018 cm-3
LC 15.0 ~m Ncp 6 x 1018 cm-3
Se 1.0 pm JC 8000 A/cm’2

Seb 0.35 ~m VBC Variable
sb 1.5 ~m

Table I. Layout and layer structure parameters used in our
calculations.

B

Fig. 2. High frequency equivalent circuit model for simulated
AIGaAs/GaAs HBT.

80’----ES

-20001 I I I I J

0.01 0.1 1 10 100 1000

Frequency (GHz)

Fig. 3. The small-signal output resistance rzz as a function of
frequency.
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